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(57) ABSTRACT

A wiring structure includes a structure body including a
pattern, a first conductive layer above the structure body, the
first conductive layer having a shape, the shape crossing an
edge of a pattern of the structure body and reflecting a step
of the edge of the pattern of the structure body, a first
insulating layer above the first conductive layer, the first
insulating layer having a first opening overlapping the edge
of the pattern of the structure body in a plane view, and r is
arranged with a second opening in a region overlapping the
semiconductor layer in a plane view, a second conductive
layer in the first opening, the second conductive layer being
connected to the first conductive layer.
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WIRING STRUCTURE, SEMICONDUCTOR
DEVICE AND DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2019-002537, filed on Jan. 10, 2019, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] One embodiment of the present invention is related
to a wiring structure and a semiconductor device including
the wiring structure, and a display device including the
semiconductor device. In particular, one embodiment of the
present invention is related a wiring structure arranged with
a contact structure connecting conductive layers arranged on
different layers, a semiconductor device and a display
device.

BACKGROUND

[0003] A semiconductor device such as a transistor is used
in a pixel circuit and a drive circuit of a display device.
Wiring having a structure in which a plurality of conductive
layers and a plurality of insulating layers are stacked is
employed as the wiring of the semiconductor device. Each
of the plurality of conductive layers is patterned and con-
nected to each other to form the wiring. The pixel circuit and
the drive circuit described above are formed by connecting
a plurality of semiconductor devices by this wiring.

[0004] In a wiring structure which forms the wiring
described above, a contact structure for ensuring conduction
between different conductive layers is very important. For
example, the contact structures shown in Japanese Laid
Open Patent Publication No. H-11-233627, Japanese Laid
Open Patent Publication No. H10-335581 and Japanese Laid
Open Patent Publication No. H7-142493 have been pro-
posed as such a contact structure.

[0005] As described above, a contact structure for ensur-
ing conduction between different conductive layers is very
important for realizing a semiconductor device having stable
operation and high reliability. However, in the contact
structures disclosed in Japanese Laid Open Patent Publica-
tion No. H11-233627, Japanese Laid Open Patent Publica-
tion No. H10-335581 and Japanese Laid Open Patent Pub-
lication No. H7-142493, when a cleaning process or a
chemical process is performed after an opening is formed in
an insulating layer so that a part of a lower conductive layer
is exposed, the conductive layer exposed from the insulating
layer may be etched, and a conduction failure between the
lower conductive layer and the upper conductive layer may
occur.

SUMMARY

[0006] A wiring structure in an embodiment according to
the present invention includes a structure body including a
pattern, a first conductive layer above the structure body, the
first conductive layer having a shape, the shape crossing an
edge of a pattern of the structure body and reflecting a step
of the edge of the pattern of the structure body, a first
insulating layer above the first conductive layer, the first
insulating layer having a first opening overlapping the edge
of the pattern of the structure body in a plane view, and a
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second conductive layer in the first opening, the second
conductive layer being connected to the first conductive
layer.

[0007] A wiring structure in an embodiment according to
the present invention includes a first conductive layer, a
second oxide semiconductor layer above the first conductive
layer, a first insulating layer above the second oxide semi-
conductor layer, the first insulating layer having a first
opening overlapping the first conductive layer in a plane
view, and a second conductive layer in the first opening, the
second conductive layer being connected to the first con-
ductive layer, wherein a gap is arranged between the first
conductive layer and the first insulating layer and is sur-
rounded by the second oxide semiconductor layer, and a
region where the first conductive layer and the second
conductive layer contact is surrounded by the gap in a plane
view.

[0008] A semiconductor device in an embodiment accord-
ing to the present invention includes a wiring structure
according described above, a first oxide semiconductor layer
connected to the first conductive layer, a gate electrode
opposing the first oxide semiconductor layer, a gate insu-
lating layer between the first oxide semiconductor layer and
the gate electrode, and a third conductive layer connected to
the first oxide semiconductor layer, wherein the first oxide
semiconductor layer is arranged between the first conductive
layer and the third conductive layer.

[0009] A display device in an embodiment according to
the present invention includes a semiconductor described
above, a third insulating layer above the semiconductor
device, the third insulating layer having a fourth opening,
and a pixel electrode above the third insulating layer and in
the fourth opening is connected to the third conductive layer.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a cross-sectional diagram showing a
summary of a wiring structure related to one embodiment of
the present invention;

[0011] FIG. 2 is a plane view diagram showing a summary
of a wiring structure related to one embodiment of the
present invention;

[0012] FIG. 3 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0013] FIG. 4 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0014] FIG. 5 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0015] FIG. 6 is a cross-sectional diagram showing a
summary of a wiring structure related to one embodiment of
the present invention;

[0016] FIG. 7 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0017] FIG. 8 is a cross-sectional diagram showing a
summary of a wiring structure related to one embodiment of
the present invention;

[0018] FIG. 9is a plane view diagram showing a summary
of a wiring structure related to one embodiment of the
present invention;

[0019] FIG. 10A is a cross-sectional diagram for explain-
ing a problem point in a conventional wiring structure;
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[0020] FIG. 10B is a cross-sectional diagram for explain-
ing a problem point in a conventional wiring structure;
[0021] FIG. 11 is a cross-sectional diagram for explaining
an effect by the wiring structure related to one embodiment
of the present invention;

[0022] FIG. 12 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0023] FIG. 13 is a cross-sectional diagram showing a
manufacturing method of a wiring structure related to one
embodiment of the present invention;

[0024] FIG. 14 is a plane view diagram showing a sum-
mary of a display device related to one embodiment of the
present invention;

[0025] FIG. 15 is a block diagram showing a circuit
structure of a display device related to one embodiment of
the present invention;

[0026] FIG. 16 is a circuit diagram showing a pixel circuit
of'a display device related to one embodiment of the present
invention;

[0027] FIG. 17 is a cross-sectional diagram showing a
display device related to one embodiment of the present
invention;

[0028] FIG. 18 is a plane view diagram showing a pixel
electrode and a common electrode of a display device
related to one embodiment of the present invention;
[0029] FIG. 19 is a cross-sectional diagram showing a
manufacturing method of a display device related to one
embodiment of the present invention;

[0030] FIG. 20 is a cross-sectional diagram showing a
manufacturing method of a display device related to one
embodiment of the present invention;

[0031] FIG. 21 is a cross-sectional diagram showing a
display device related to one embodiment of the present
invention;

[0032] FIG. 22 is a circuit diagram showing a pixel circuit
of'a display device related to one embodiment of the present
invention;

[0033] FIG. 23 is a cross-sectional diagram showing a
display device related to one embodiment of the present
invention; and

[0034] FIG. 24 is a cross-sectional diagram showing a
display device related to one embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0035] Each embodiment of the present invention is
explained below while referring to the drawings. However,
the disclosure herein is only an example and a structure
easily arrived at by a person skilled in the art by making
appropriate modifications without departing from the con-
cept of the invention is naturally to be contained in the scope
of'the present invention. The drawings may be schematically
represented with the width, thickness, shape and the like of
each part as compared with the actual form in order to clarify
the explanation more clearly. However, they are only an
example and do not limit an interpretation of the present
invention. In the specification and drawings, elements hav-
ing the same functions as those described with reference to
preceding figures are attached with a letter of the alphabet
after the same reference symbol and a detailed explanation
may be omitted as appropriate.

[0036] In each embodiment of the present invention, a
direction from a base layer towards the wiring structure or
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a direction from a transistor towards a pixel electrode is
referred to as “up” or “above”. Conversely, a direction from
the wiring structure towards the base layer, or a direction
from a pixel electrode towards a transistor is referred to as
“down” or “below”. As described above, for the conve-
nience of explanation, although an explanation is made
using the terms “upper” or “lower”, for example, the vertical
relationship between the base layer and the wiring structure
may be reversed. In the explanation below, for example, the
expression “wiring structure on the base layer” merely
describes the vertical relationship between the base layer
and the wiring structure as described above, other members
may also be arranged between the base layer and the wiring
structure. Upper or lower means the stacking order in a
structure in which a plurality of layers is stacked, and in the
case when a pixel electrode is expressed as above a tran-
sistor, it may be a positional relationship in which the
transistor and the pixel electrode do not overlap in a plane
view. On the other hand, when a pixel electrode is expressed
vertically above a transistor, it means a positional relation-
ship in which the transistor and the pixel electrode overlap
in a plane view.

[0037] The “wiring structure” is a part of wiring which
configures with a circuit in which a conductive layer is
patterned. For example, a wiring structure refers to a struc-
ture in which conductive layers arranged in different layers
separated by an insulating layer are mutually connected to
each other through an opening which is arranged in the
insulating layer. In the present embodiment, although a
structure is exemplified in which there are two conductive
layers included in the wiring structure, the conductive layer
may be three or more layers.

[0038] “Display device” refers to a structure that displays
an image using an electro-optic layer. For example, the term
“display device” may refer to a display panel including an
electro-optical layer, or a structure in which another optical
member (for example, a polarizing member, a backlight, a
touch panel, or the like) is attached to a display cell. The
“electro-optic layer” may include a liquid crystal layer, an
electroluminescence (EL) layer, an electrochromic (EC)
layer, and an electrophoretic layer as long as no technical
contradiction occurs. Therefore, the embodiments described
later will be described by exemplifying a liquid crystal
display device including a liquid crystal layer and an organic
EL display device including an organic EL layer as a display
device. The present invention can be applied to a display
device including the electro-optic layer mentioned above.

[0039] In the present specification, the expressions “o
includes A, B or C”, “a.includes any of A, B and C”, and “a.
includes one selected from the group consisting of A, B and
C” unless otherwise stated does not exclude the case where
a includes a plurality of combinations of A to C. Further-
more, these expressions do not exclude the case where a
includes other elements.

[0040] Furthermore, each of the following embodiments
can be combined with each other as long as no technical
contradiction occurs.

[0041] One embodiment of the present invention is to
realize a wiring structure arranged with a contact structure
for ensuring conduction between different conductive layers
which are stacked, a semiconductor device including the
wiring structure, and a display device including the semi-
conductor device.
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First Embodiment

[0042] A wiring structure and a manufacturing method of
a wiring structure related to one embodiment of the present
invention is explained using FIG. 1 to FIG. 5. The wiring
structure of the embodiments shown herein may also use an
integrated circuit (IC) such as a micro-processing unit
(MPU) or a memory circuit in addition to a semiconductor
device such as a transistor used in a display device.

(Structure of Wiring Structure 10)

[0043] A structure of the wiring structure related to one
embodiment of the present invention is explained using FIG.
1 and FIG. 2. FIG. 1 is a cross-sectional diagram showing a
summary of a wiring structure according to one embodiment
of the present invention. FIG. 2 is a plane view diagram
showing a summary of a wiring structure according to one
embodiment of the present invention.

[0044] As is shown in FIG. 1, the wiring structure 10 is
arranged above the base layer 90. The wiring structure 10
includes a structure body 200 having a pattern, a first
conductive layer 100, a first insulating layer 120 and a
second conductive layer 130. The structure body 200 is
arranged above the base layer 90. The first conductive layer
100 is arranged above the structure body 200. The first
conductive layer 100 crosses the pattern edge part 201 of the
structure body 200. The first conductive layer 100 has a
shape formed by the structure body 200 and reflects the step
of the pattern edge part 201 of the structure body 200. In
other words, the first conductive layer 100 is arranged on the
upper surface of the structure body 200, the upper surface of
the base layer 90 which is not arranged with the structure
body 200, and the pattern edge part 201 of the structure body
200 (that is, the side surface of the structure body 200). The
first conductive layer 100 has a continuous shape along these
surfaces. As a result, an upper surface 101-1 of the first
conductive layer 100 in a region where the structure body
200 is arranged (that is, vertically above the structure body
200) exists further above an upper surface 101-2 (a position
far from the base layer 90) of the first conductive layer 100
in the region where the structure body 200 is not arranged.
[0045] The first insulating layer 120 is provided above the
base layer 90, the structure body 200 and the first conductive
layer 100. Similar to the first conductive layer 100, the first
insulating layer 120 has a shape formed by the structure
body 200 and reflects a step of the pattern edge 201 of the
structure body 200. That is, an upper surface 120-1 of the
first insulating layer 120 in the region where the structure
body 200 is arranged exists further above an upper surface
120-2 of the first insulating layer 120 in the region where the
structure body 200 is not arranged (position far from the
base layer 90).

[0046] A first opening 121 is arranged in the first insulat-
ing layer 120. As is shown in FIG. 2, the first opening 121
overlaps the pattern edge part 201 of the structure body 200
in a plane view. In other words, the pattern edge part 201
crosses the first opening 121.

[0047] The first conductive layer 100 includes a first film
101 a second film 103 and a third film 105. The second film
103 is arranged below the first film 101. The third film 105
is arranged below the second film 103. In the example in
FIG. 1, the second film 103 is side-etched in a horizontal
direction further than an end part of the first film 101. As a
result, a gap 150 is formed in a region surrounded by the first
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film 101, the second film 103, the third film 105 and the
second conductive layer 130. In other words, a part of the
surface of the first film 101 on the second film 103 side is
exposed from the second film 103. The second conductive
layer 130 is in contact with the third film 105. Similar to the
first conductive layer 100, the second conductive layer 130
includes a first film 131, a second film 133 and a third film
135. The film thicknesses of the first film 101, the third film
105, the first film 131 and the third film 135 are 10 nm or
more and 100 nm or less. The film thicknesses of the second
film 103 and the second film 133 are 50 nm or more and 500
nm or less.

[0048] A material having higher chemical resistance than
the second film 103 and is difficult to oxidize is used as the
first film 101 and the third film 105. Similarly, a material
having higher chemical resistance than the second film 133
and is difficult to oxidize is used as the first film 131 and the
third film 135. For example, titanium (Ti), chromium (Cr),
cobalt (Co), nickel (Ni), molybdenum (Mo) Hafnium (Hf),
tantalum (Ta), tungsten (W), bismuth (Bi), and alloys or
compounds of these are used as the first film 101, the third
film 105, the first film 131 and the third film 135. A material
having a resistance lower than the first film 101 and the third
film 105 is used as the second film 103. Similarly, a material
having a resistance lower than the first film 131 and the third
film 135 is used as the second film 133. For example,
aluminum (Al), copper (Cu), silver (Ag) and alloys of these
are used as the second film 103 and the second film 133.
[0049] In the present embodiment, although a structure is
exemplified in which three films are stacked as the first
conductive layer 100 and the second conductive layer 130,
the present invention is not limited to this structure. For
example, each of the first conductive layer 100 and the
second conductive layer 130 may have a stacked structure in
which four or more films are stacked, a stacked structure in
which two films are stacked, or a single layer structure
formed from one film.

[0050] As is shown in FIG. 1, the second conductive layer
130 is arranged above the first insulating layer 120 and on
the inside of the first opening 121. The second conductive
layer 130 is connected to the first conductive layer 100 as
described above at or below the bottom of the first opening
121. In FIG. 1, the second conductive layer 130 is continu-
ous from the side wall 121-1 of the first opening 121 to the
third film 105. The side wall 121-1 is a side wall of the first
opening 121 in a region where the structure body 200 is
arranged. On the other hand, the second conductive layer
130 is in contact with only the first film 101 and the lower
part of the second conductive layer 130 is disconnected at
the side wall 121-2 of the first opening 121. The side wall
121-2 is a side wall of the first opening 121 in a region where
the structure body 200 is not arranged. However, as is
explained in detail herein, the second conductive layer 130
which is arranged on the side wall 121-2 may continue up to
the third film 105.

[0051] Although FIG. 1 exemplifies a structure in which
all of the films of the first film 131, the second film 133 and
the third film 135 included in the second conductive layer
130 are continuous from the side wall 121-1 to the third film
105, the present embodiment is not limited to this structure.
For example, any one film among the plurality of films
included in the second conductive layer 130 may also be
continuous from the side wall 121-1 to the third film 105,
and all of the plurality of films do not need to be continuous.
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[0052] In the present embodiment, even if the second film
103 is side-etched in a horizontal direction further than the
end of the first film 101, a structure is explained in which it
is possible to ensure contact between the second conductive
layer 130 and the first conductive layer 100 which is exposed
by the first opening 121. However, the second film 103 does
not have to be side-etched in a horizontal direction further
than the end of the first film 101, and the gap 150 may not
be arranged.

[0053] Although described in detail herein, in the case
where the wiring structure 10 is applied to a source electrode
and a drain electrode of a transistor in which an oxide
semiconductor layer is used as a channel, the structure body
200 may be formed by a part of the oxide semiconductor
layer used as a channel. In this case, the oxide semiconduc-
tor layer which is used as the channel and the structure body
200 may be called a “first oxide semiconductor layer”.

[Manufacturing Method of Wiring Structure 10]

[0054] A manufacturing method of the wiring structure 10
according to one embodiment of the present invention is
explained using FIG. 3 to FIG. 5. FIG. 3 to FIG. § are
cross-sectional diagrams showing a manufacturing method
of a wiring structure according to one embodiment of the
present invention.

[0055] As is shown in FIG. 3, the first insulating layer 120
is etched using a photoresist 300 in which a region corre-
sponding to the first opening 121 is opened, in a state in
which the structure body 200, the first conductive layer 100
and the first insulating layer 120 are formed above the base
layer 90. A condition in which the etching rate of the first
insulating layer 120 is higher than the etching rate of the first
conductive layer 100 (particularly, the first film 101) is used
as an etching condition. The state shown in FIG. 3 is a state
in which the etching of the first insulating layer 120 is
stopped at the first film 101. That is, the first film 101 has a
function as an etching stopper when etching the first insu-
lating layer 120.

[0056] In the case when only the first insulating layer 120
is etched, the etching time is determined based on the
etching rate and the film thickness of the first insulating layer
120. As a result, it is possible to stop etching of the first
insulating layer 120 before the first film 101 disappears.
However, in the case when the in-plane variation of the film
thickness of the first insulating layer 120 is large, or in the
case when other insulating layers arranged further below the
first insulating layer 120 are etched in the etching process of
the first insulating layer 120, then the first film 101 may be
etched and the second film 103 may be exposed as is shown
in FIG. 4.

[0057] In the case when the process proceeds in a state
where the second film 103 exposed in the first opening 121
as is shown in FIG. 4, the second film 103 which is exposed
on the surface is cleaned by using a chemical solution such
as hydrofluoric acid (HF) or the like an exposed to a
chemical treatment process. As a result, as is shown in FIG.
5, the second film 103 may also be etched. In the case when
the second film 103 is etched in the cleaning process or the
chemical treatment process, the second film 103 is isotro-
pically etched. Therefore, the second film 103 is side-etched
in a horizontal direction further than the end part of the first
film 101. As a result, a part of the surface of the first film 101
on the second film 103 side is exposed, and a space is formed
corresponding to the gap 150 in FIG. 1.
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[0058] In the case when a pattern edge part 201 of the
structure body 200 does not exist in a region which overlaps
the first opening 121 in a plane view and below the first
opening 121, when the second conductive layer 130 is
formed in a state in which the second film 103 is side-etched
in a horizontal direction further than the end part of the first
film 101, the second conductive layer 130 is disconnected,
and a stable connection between the second conductive layer
130 and the first conductive layer 100 cannot be ensured.
[0059] However, in the case of the structure shown in FIG.
5, the upper surface 120-2 of the first insulating layer 120 in
a region where the structure body 200 is not arranged is
closer to the base layer 90 than the upper surface 120-1 of
the first insulating layer 120 in a region where the structure
body 200 is arranged. As a result, the material of the second
conductive layer 130 which has come from the upper surface
120-2 side (that is, has flown in the direction D1) is easy to
form in a region where the upper surface 120-1 of the side
wall 121-1 side and the region below the side wall 121-1. As
aresult, as is shown in FIG. 1, it is possible to continuously
form the second conductive layer 130 from the side wall
121-1 to the third film 105.

[Modified Example of First Embodiment]

[0060] The wiring structure 10 according to a modified
example of the first embodiment is explained using FIG. 6.
FIG. 6 is a cross-sectional diagram showing a summary of
a wiring structure according to one embodiment of the
present invention.

[0061] In the wiring structure 10 shown in FIG. 6, the
pattern edge part 201 of the structure body 200 is located
closer to the side wall 121-2 than the side wall 121-1
compared with the wiring structure 10 shown in FIG. 1. In
addition, unlike FIG. 1, the second conductive layer 130 is
continuous from the side wall 121-2 to the third film 105.
The wiring structure 10 shown in FIG. 6 is obtained by
forming the second conductive layer 130 on the structure in
the state shown in FIG. 7. In the case of the structure shown
in FIG. 7, the third film 105 arranged on the upper surface
of the structure body 200 in the vicinity of the pattern edge
part 201 of the structure body 200 is positioned in the
vicinity of the side wall 121-2. As a result, the material of the
second conductive layer 130 flying from above (that is,
flying in the direction D2) is formed on the side wall 121-2
and formed on the third film 105 in the vicinity of the pattern
edge part 201. Here, since the distance between the side wall
121-2 and the pattern edge part 201 is short, the second
conductive layer 130 is formed to be continuous from the
side wall 121-2 to the third film 105 as shown in FIG. 6.
[0062] Although FIG. 6 exemplifies a structure in which
all of the films of the first film 131, the second film 133 and
the third film 135 included in the second conductive layer
130 are continuous from the side wall 121-2 to the third film
105, the present embodiment is not limited to this structure.
For example, any one of the plurality of films included in the
second conductive layer 130 may be continuous from the
side wall 121-2 to the third film 105, and all of the plurality
of films do not need to be continuous.

[0063] As described above, in the case when the pattern
edge part 201 of the structure body 200 is positioned closer
to the side wall 121-1 than the side wall 121-2, it adopts the
shape as shown in FIG. 1, and in the case when it is located
closer to the side wall 121-2 than the side wall 121-1, it
adopts the shape as shown in FIG. 6. Therefore, even when
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there is misalignment of the pattern between the structure
body 200 and the first opening 121, it is possible to ensure
stable conduction between the first conductive layer 100 and
the second conductive layer 130.

[0064] It is preferred that the bottom part 203 and the
upper part 205 of the pattern edge part 201 of the structure
body 200 both exist at a position which overlaps the first
opening 121 in a plane view. Here, the upper part 205 of the
pattern edge part 201 can be defined as a position having the
smallest curved radius between the side wall of the pattern
edge part 201 and the upper surface of the structure body
200. The maximum value of the inclination angle of the side
wall at the pattern edge part 201 of the structure body 200
is preferred to be 30° or more or 60° or more. The thickness
of the structure body 200 is preferred to be 10 nm or more
or 50 nm or more.

[0065] A ratio which shows the “opening diameter: open-
ing depth” of the first opening 121 is preferred to be 2: 1 or
more and 50: 1 or less. An aspect ratio of the first opening
121 can be calculated based on, for example, the opening
diameter of the first opening 121 in a plane view and the
thickness of the first insulating layer 120 from the upper
surface 120-1 to the first conductive layer 100 vertically
below. In the case when the opening diameter of the first
opening 121 is a circle shape in a plane view of the first
opening 121, it can be defined as the diameter of the circle,
and in the case when the shape in a plane view of the first
opening 121 is a shape other than a circle, it can be defined
as the length of a position having the longest distance in the
shape

Second Embodiment

[0066] A wiring structure and a manufacturing method of
a wiring structure related to one embodiment of the present
invention is explained using FIG. 8 to FIG. 13. The wiring
structure of the embodiments shown herein may also use an
integrated circuit (IC) such as a micro-processing unit
(MPU) or a memory circuit in addition to a semiconductor
device such as a transistor used in a display device.

[Structure of Wiring Structure 10]

[0067] The structure of the wiring structure 10A according
to one embodiment of the present invention is explained
using FIG. 8 and FIG. 9. FIG. 8 is a cross-sectional view
showing a summary of a wiring structure according to one
embodiment of the present invention. FIG. 9 is a plane view
showing a summary of a wiring structure according to one
embodiment of the present invention.

[0068] As is shown in FIG. 8, the wiring structure 10A is
arranged above the base layer 90A. The wiring structure
10A includes a first conductive layer 100A, a second oxide
semiconductor layer 110A, a first insulating layer 120A and
a second conductive layer 130A. The first conductive layer
100A is arranged above the base layer 90A. The second
oxide semiconductor layer 110A is arranged above the first
conductive layer 100A. The first insulating layer 120A is
arranged above the base layer 90A, the first conductive layer
100A and the second oxide semiconductor layer 110A. A
first opening 121A is arranged in the first insulating layer
120A. The first opening 121A overlaps the first conductive
layer 100A in a plane view. The second conductive layer
130A is arranged above the first insulating layer 120A and
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inside the first opening 121A, and is in contact with the first
conductive layer 100A at the bottom part or below the first
opening 121A.

[0069] A gap 140A which is surrounded by the second
oxide semiconductor layer 110A is arranged between the
first conductive layer 100A and the first insulating layer
120A. That is, the first conductive layer 100A is separated
from the first insulating layer 120A in a region where the gap
140A is arranged. The gap 140A is surrounded by the first
conductive layer 100A, the second oxide semiconductor
layer 110A, the first insulating layer 120A and the second
conductive layer 130A. In other words, a part of the first
surface 123A which faces the first conductive layer 100A,
that is, a part of the first surface 123A on the first conductive
layer 100A side of the first insulating layer 120A is exposed
from the second conductive layer 130A to the second oxide
semiconductor layer 110A in the gap 140A. A part of the
second surface 107A of the first conductive layer 100A
facing the first surface 123A is exposed in the gap 140A
from the second conductive layer 130A to the second oxide
semiconductor layer 110A. Although described in detail
herein, a region in which the gap 140A is arranged is a
region in which the second oxide semiconductor layer 110A
is arranged on the way of the manufacturing process, and
corresponds to a region where the second oxide semicon-
ductor layer 110A is removed in a certain step.

[0070] As is shown in FIG. 9, the gap 140A is arranged in
the periphery of the first opening 121A in a plane view.
When combined with the cross-sectional structure shown in
FIG. 8, it can be said that the region where the first
conductive layer 100A and the second conductive layer
130A are in contact at the bottom of the first opening 121A
is continuously surrounded by the gap 140A. In other words,
the gap 140A has an annular shape (ring shape or closed loop
shape). The gap 140A is continuously surrounded by the
second oxide semiconductor layer 110A. In other words, the
second oxide semiconductor layer 110A has an annular
shape.

[0071] The width W1 (see FIG. 9) of the gap 140A is
larger than the height H1 (see FIG. 8) of the gap 140A.
Furthermore, the width W1 is the distance from the second
conductive layer 130A at the bottom part of the first opening
121A to the second oxide semiconductor layer 110A which
surrounds the gap 140A. The height H1 is a distance from
the first surface 123 A to the second surface 107A. The ratio
of the height H1 to the width W1 (that is, HI/W1) is
preferred to be 0.0025 or more or 0.3 or more.

[0072] The composition ratio of oxygen of the second
oxide semiconductor layer 110A is smaller than the com-
position ratio oxygen in the stoichiometric ratio with respect
to an oxide semiconductor having the same composition as
the second oxide semiconductor layer 110A. In other words,
an oxide semiconductor in which oxygen is deficient is used
as the second oxide semiconductor layer 110A. In other
words, the composition ratio of oxygen of the second oxide
semiconductor layer 110A is smaller than the composition
ratio of oxygen of the first oxide semiconductor layer (oxide
semiconductor layer used as the channel of the transistor).
However, the composition ratio of oxygen of the second
oxide semiconductor layer 110A may be the same as or
larger than the composition ratio of oxygen in the stoichio-
metric ratio with respect to the oxide semiconductor having
the same composition as the second oxide semiconductor
layer 110A. In addition, the composition ratio of oxygen of
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the second oxide semiconductor layer 110A may be the same
as or larger than the composition ratio of oxygen of the first
oxide semiconductor layer.

[0073] In the case when the first insulating layer 120A is
an oxide insulating layer, the composition ratio of oxygen of
the first insulating layer 120A is larger than the composition
of oxygen ratio in the stoichiometric ratio with respect to the
oxide having the same composition as the first insulating
layer 120A. That is, an oxide containing an excess amount
of oxygen is used as the first insulating layer 120A. In other
words, the composition ratio of oxygen of the first insulating
layer 120A is larger than the composition ratio of oxygen of
the oxide having the same composition as that of the first
insulating layer 120A used in the other layers. However, the
composition ratio of oxygen of the first insulating layer
120A may be the same as or smaller than the composition
ratio of oxygen in the stoichiometric ratio with respect to the
oxide having the same composition as the first insulating
layer 120A. The composition ratio of oxygen of first insu-
lating layer 120A may be the same as or smaller than the
composition ratio of oxygen of an oxide having the same
composition as the first insulating layer 120A used in the
other layers.

[0074] The first conductive layer 100A includes a first film
101A, a second film 103A and a third film 105A. The first
film 101A is in contact with the second oxide semiconductor
layer 110A vertically below the second oxide semiconductor
layer 110A. The first film 101A is in contact with the third
film 135A of the second conductive layer 130A described
herein. The second film 103 A is arranged below the first film
101A. The third film 105A is arranged below the second film
103A.

[0075] In the present embodiment, although a structure
was exemplified in which three films are stacked as the first
conductive layer 100A and the second conductive layer
130A, the present invention is not limited to this structure.
For example, each of the first conductive layer 100A and the
second conductive layer 130A may have a stacked layer
structure in which four or more films are stacked, a stacked
structure in which two films are stacked or a single layer
structure formed by one film.

[Effects of the Structure According to Second Embodiment]

[0076] FIG. 10A and FIG. 10B explain problems newly
found by the inventors in the process leading to the present
invention. The effects obtained by the structure related to the
second embodiment of the present invention are explained
using FIG. 11. FIG. 10A and FIG. 10B are cross-sectional
diagrams explaining the problems in a conventional wiring
structure. FIG. 11 is a cross-sectional diagram for explaining
the effects of the wiring structure according to one embodi-
ment of the present invention. In the wiring structure 107
shown in FIG. 10A and FIG. 10B and the wiring structure
10A shown in FIG. 11, a structure is exemplified in which an
oxide insulating layer is used as first insulating layers 1207
and 120A. The structures of the first conductive layer 100Z
and the second conductive layer 1307 are the same as the
structures of the first conductive layer 100A and the second
conductive layer 130A shown in FIG. 8.

[0077] In the case when an oxide insulating layer is used
as the first insulating layers 1207 and 120A, the physical
properties of the oxide insulating layer are different depend-
ing on the structure of the device applied with the wiring
structures 107 and 10A. For example, in the case of a
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structure where the wiring structures 10Z and 10A are
applied to a transistor and an oxide semiconductor layer is
used as a channel of the transistor and the oxide insulating
layer covers the oxide semiconductor layer, an oxide insu-
lating layer having a higher oxygen ratio than the oxygen
ratio in the stoichiometric ratio of the oxide layer material is
used as the oxide insulating layer. This oxide insulating layer
with a high oxygen ratio discharges oxygen to the exterior
of the oxide insulating layer by performing a heat treatment.
That is, oxygen included in the oxide insulating layer is
diffused into another layer adjacent to the oxide insulating
layer when a heat treatment is performed.

[0078] Although the wiring structure 10Z shown in FIG.
10A is similar to the wiring structure 10A shown in FIG. 8,
it is different to the wiring structure 10A in that the oxide
semiconductor layer (110A) and the gap (140A) are not
arranged above the first conductive layer 100Z. When a heat
treatment is performed in the state shown in FIG. 10A, the
contact resistance may increase between the first conductive
layer 100Z and the second conductive layer 130Z. It is
assumed that the following phenomenon is the cause.
[0079] FIG. 10B shows the behavior of oxygen in the first
insulating layer 120Z in a state where the heat treatment is
performed, and a change in the upper surface of the first film
1017 due to the oxygen. When a heat treatment is performed
in the state shown in FIG. 10A, oxygen in the first insulating
layer 1207 diffuses into the first conductive layer 1007, and
a part of the first conductive layer 100Z is oxidized. FIG.
10B exemplifies a structure in which the first film 1017
included in the first conductive layer 1007 is oxidized, and
a metal oxide layer 1097 is formed on the upper surface of
the first film 101Z. The metal oxide layer 1097 is formed not
only on the upper surface of the first film 1017 in contact
with the first insulating layer 1207, but is also formed on the
upper surface of the first film 1017 which is in contact with
the third film 1357 of the second conductive layer 130Z in
FIG. 10A. This is because oxygen is diffused from the first
insulating layer 120Z to the interface between the first film
1017 and the third film 135Z, and the metal oxide layer
1097 is also formed on the upper surface of the first film
1017 which is in contact with the third film 135Z.

[0080] As described above, when the metal oxide layer
1097 is formed between the first conductive layer 1007 and
the second conductive layer 130Z, the contact resistance the
two increases.

[0081] Although FIG. 10B exemplifies a structure in
which the metal oxide layer 109Z is formed only on the
upper surface of the first film 1017, the metal oxide layer
1097 may also be formed on the lower surface of the third
film 1357. Although FIG. 10B exemplifies an example in
which the metal oxide layer 1097 is formed on the entire
region where the first film 1017 and the third film 1357 are
in contact with each other in FIG. 10A, the region where the
metal oxide layer 1097 is formed may also be a part of the
region where both are in contact.

[0082] Asisshownin FIG. 11, in the wiring structure 10A,
since the gap 140A is arranged in the vicinity of the contact
region between the first film 101 A and the third film 135A,
the first insulating layer 120A does not contact the first film
101A and the third film 135A in the vicinity of the contact
region described above. As a result, oxygen which has
diffused from the first insulating layer 120A cannot reach the
first film 101A and the third film 135A in the vicinity of the
contact region described above. As a result, as is shown in
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FIG. 10B, it is possible to suppress the formation of the
metal oxide layer 1097 between the first conductive layer
100Z and the second conductive layer 130Z.

[Manufacturing Method of Wiring Structure 10A]

[0083] A manufacturing method of the wiring structure
10A according to one embodiment of the present invention
is explained using FIG. 12 and FIG. 13. FIG. 12 and FIG. 13
are cross-sectional diagrams showing a manufacturing
method of a wiring structure according to one embodiment
of the present invention.

[0084] As is shown in FIG. 12, the first insulating layer
120A is etched using the photo resist 300A in which an
opening is formed corresponding to the first opening 121A
in a state where the first conductive layer 100A, the second
oxide semiconductor layer 110A, and the first insulating
layer 120A are formed above the base layer 90A. A condi-
tion in which the etching rate of the first insulating layer
120A is higher than the etching rate of the second oxide
semiconductor layer 110A is used as an etching condition.
The state of FIG. 12 is a state in which etching of the first
insulating layer 120A is stopped at the second oxide semi-
conductor layer 110A. That is, the second oxide semicon-
ductor layer 110A has the function of an etching stopper
when etching the first insulating layer 120A.

[0085] In the case when the first insulating layer 120A is
etched by dry etching, the oxide semiconductor layer is
hardly etched under dry etching conditions which generally
etch the insulating layer. In particular, in the case when
silicon oxide and silicon nitride are used as the first insu-
lating layer 120A, and an oxide semiconductor (referred to
herein as IGZ0) including In, Ga, Zn, and O is used as the
second oxide semiconductor layer 110A, 1GZO is hardly
etched under the dry etching conditions for etching silicon
oxide. Therefore, in the case when there is a large in-plane
variation in the film thickness of the first insulating layer
120A, or even in the case where another insulating layer
arranged below the first insulating layer 120A is etched in
the etching process of the first insulating layer 120A, dry
etching is stopped at the second oxide semiconductor layer
110A in the region where the first opening 121A is formed.
[0086] As is shown in FIG. 12, the second oxide semi-
conductor layer 110A is wet-etched with high etching rate
conditions compared to the etching rate of the first insulating
layer 120A such as hydrofiuoric acid (HF) for example in a
state where the surface of the second oxide semiconductor
layer 110A is exposed. The second oxide semiconductor
layer 110A which is wet-etched is side-etched in a horizontal
direction further than the end part of the first insulating layer
120A at the bottom part of the first opening 121A. As a
result, as is shown in FIG. 13, a part of the first surface 123A
of the first insulating layer 120A, the first surface 123A is a
surface facing the first conductive layer 1004, is exposed,
and a space corresponding to the gap 140 in FIG. 8 is
formed. By forming the second conductive layer 130A on
the structure shown in FIG. 13, it is possible to form the
wiring structure 10A shown in FIG. 8.

Third Embodiment

[0087] A semiconductor device (transistor), a display
device using the semiconductor device, and a manufacturing
method of the display device according to one embodiment
of the present invention is explained using FIG. 14 to FIG.

Jul. 16, 2020

21. Furthermore, in the embodiments described below, a
structure in which the wiring structure explained in the first
embodiment and the second embodiment is applied to a
transistor which forms a circuit of a liquid crystal display
device is explained.

[Summary of Display Device 20B]

[0088] FIG. 14 is a plane view showing a summary of a
display device according to one embodiment of the present
invention. As is shown in FIG. 14, the display device 20B
includes an array substrate 300B, a seal part 400B, a counter
substrate 500B, a flexible printed circuit substrate 600B
(FPC 600B) and an IC chip 700B. The array substrate 300B
and the counter substrate 500B are bonded together by the
seal part 400B. A plurality of pixel circuits 310B are
arranged in a matrix in a liquid crystal region 22B which is
surrounded by the seal part 400B. The liquid crystal region
22B is a region which overlaps a liquid crystal element 410B
described herein in a plane view.

[0089] A seal region 24B which overlaps the seal part
400B in a plane view is a region in the periphery of the liquid
crystal region 22B. The FPC 600B is arranged in a terminal
region 26B. The terminal region 26B is a region where the
array substrate 300B is exposed from the counter substrate
500B, and is arranged on the outer side of the seal region
24B. Furthermore, the outer side of the seal region 24B
means the outer side of the region surrounded by the seal
part 400B. The IC chip 700B is arranged above the FPC
600B. The IC chip 700B supplies a signal for driving each
pixel circuit 310B.

[Circuit Structure of Display Device 20B]

[0090] FIG. 15 is a block diagram showing a circuit
structure of a display device according to one embodiment
of the present invention. As is shown in FIG. 15, a source
driver circuit 320B is arranged at a position adjacent in the
D1 direction (column direction) of the liquid crystal region
22B where the pixel circuit 310B is arranged, and a gate
driver circuit 330B is arranged at a position adjacent in the
D2 direction (row direction) of the liquid crystal region 22B.
The source driver circuit 320B and the gate driver circuit
330B are arranged in the seal region 24B described above.
[0091] A source wiring 321B extends from the source
driver circuit 320B in the D1 direction and is connected to
a plurality of pixel circuits 310B arranged in the D1 direc-
tion. A gate wiring 331B extends from the gate driver circuit
330B in the D2 direction and is connected to a plurality of
pixel circuits 310B arranged in the D2 direction.

[0092] A terminal part 333B is arranged in the terminal
region 26B. The terminal part 333B and the source driver
circuit 320B are connected by a connection wiring 341B.
Similarly, the terminal part 333B and the gate driver circuit
330B are connected by a connection wiring 341B. By
connecting the FPC 600B to the terminal part 333B, an
external device which is connected to the FPC 600B and the
display device 20B are connected, and a signal from the
external device drives each pixel circuit 310B arranged in
the display device 20B.

[0093] The wiring structures shown in the first embodi-
ment and the second embodiment are applied to the source
wiring 321B, the gate wiring 331B and the connection
wiring 341B. In addition, the wiring structures shown in the
first and second embodiments are applied to wirings and
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transistors included in the pixel circuit 310B, the source
driver circuit 320B and the gate driver circuit 330B.

[Pixel Circuit 310B of Display Device 20B]

[0094] FIG. 16 is a circuit diagram showing a pixel circuit
of a display device according to one embodiment of the
present invention. As is shown in FIG. 16, the pixel circuit
310B includes elements such as a transistor 800B, a storage
capacitor 890B and a liquid crystal element 410B. The
transistor 800B includes a gate electrode 810B, a source
electrode 830B and a drain electrode 840B. The gate elec-
trode 810B is connected to the gate wiring 331B. The source
electrode 830B is connected to the source wiring 321B. The
drain electrode 840B is connected to the storage capacitor
890B and the liquid crystal element 410B. The wiring
structure shown in the first embodiment and the second
embodiment is applied to each wiring and transistor shown
in FIG. 16. Furthermore, although 830B is referred to as a
source electrode and 840B is referred to as a drain electrode
in the present embodiment for the convenience of explana-
tion, the function as the source and the function as the drain
of each electrode may be interchanged.

[Cross-Sectional Structure of Display Device 20B]

[0095] FIG. 17 is a cross-sectional diagram of a display
device according to one embodiment of the present inven-
tion. As is shown in FIG. 17, the display device 20B is a
display device in which transistors 800B and 900B which
have different structures are arranged above the same sub-
strate. The structure of the transistor 800B is different from
the structure of the transistor 900B. Specifically, the tran-
sistor 8008 is a bottom-gate type transistor in which the first
oxide semiconductor layer 820B is used as a channel. The
transistor 900B is a top-gate type transistor in which the
semiconductor layer 920B is used as a channel. For
example, the transistor 800B is used for the pixel circuit
310B, and the transistor 900B is used for the source driver
circuit 320B and the gate driver circuit 330B. Furthermore,
the transistor 900B may be used for the pixel circuit 310B.

[0096] The transistor 800B is a transistor formed above
the substrate 301B, and the insulating layers 340B, 342B,
344B and 346B are used as base layers. A gate electrode
810B is arranged above the insulating layer 346B. A first
oxide semiconductor layer 820B is arranged above the gate
electrode 810B. The gate electrode 810B is opposed to the
first oxide semiconductor layer 820B. An insulating layer
348B which functions as a gate insulating layer is arranged
between the gate electrode 810B and the first oxide semi-
conductor layer 820B. A source electrode 830B is arranged
at one end part of a pattern of the first oxide semiconductor
layer 820B, and a drain electrode 840B is arranged at the
other end part of a pattern of the first oxide semiconductor
layer 820B. The source electrode 830B and the drain elec-
trode 840B are connected to the first oxide semiconductor
layer 820B on the top surface and side surface of the first
oxide semiconductor layer 820B respectively.

[0097] The insulating layers 350B and 352B are arranged
above the first oxide semiconductor layer 820B, the source
electrode 830B and the drain electrode 840B. Openings
851B and 861B are arranged in the insulating layers 350B
and 352B. A source wiring 850B is arranged above the
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insulating layer 352B and inside the opening 851B. A drain
wiring 8608 is arranged above the insulating layer 352B and
inside the opening 861B.

[0098] An insulating layer 354B is arranged above the
source wiring 850B and the drain wiring 860B. A common
electrode 880B which is arranged in common for a plurality
of pixels is arranged above the insulating layer 354B. An
insulating layer 356B is arranged above the common elec-
trode 880B. An opening 871B is arranged in the insulating
layers 354B and 356B. A pixel electrode 870B is arranged
above the insulating layer 356B and inside the opening
871B.

[0099] FIG. 18 is a plane view of a pixel electrode and a
common electrode of a display device according to one
embodiment of the present invention. As is shown in FIG.
18, the common electrode 880B has an overlapping region
which overlaps with the pixel electrode 870B in a plane
view, and a non-overlapping region which does not overlap
with the pixel electrode 870B. When a voltage is supplied
between the pixel electrode 870B and the common electrode
880B, a horizontal electric field is formed from the pixel
electrode 870B toward the common electrode 880B in the
non-overlapping region. The gradation of the pixel is deter-
mined by the operation of liquid crystal molecules which are
included in the liquid crystal element 410B by the horizontal
electric field.

[0100] In the structure described above, the wiring struc-
ture 10 in FIG. 1 or FIG. 6 can be applied as a contact
structure between the source electrode 830B and the source
wiring 850B and as a contact structure between the drain
electrode 840B and the drain wiring 860B. In this case, the
structure body 200 corresponds to the first oxide semicon-
ductor layer 820B. The first conductive layer 100 corre-
sponds to the source electrode 830B or the drain electrode
840B. The first insulating layer 120 corresponds to the
insulating layers 350B and 352B. The first opening 121
corresponds to the opening 851B or the opening 861B. The
second conductive layer 130 corresponds to the source
wiring 850B or the drain wiring 860B.

[0101] Furthermore, in the case when the first conductive
layer 100 corresponds to the source electrode 830B, the
drain electrode 840B may be referred to as a “third conduc-
tive layer”. In this case, it can be said that the first oxide
semiconductor layer 820B is arranged between the first
conductive layer (source electrode 830B) and the third
conductive layer (drain electrode 840B). The insulating
layers 354B and 356B above the source wiring 850B and the
drain wiring 860B may be referred to as a “third insulating
layer”. The opening 871B may be referred to as a “fourth
opening”.

[0102] The transistor 900B is a transistor which is formed
in the substrate 301B, and the insulating layer 340B is used
as a base layer. A light shielding layer 910B is arranged
above the insulating layer 340B. An insulating layer 342B is
provided over the light shielding layer 910B. A semicon-
ductor layer 920B is arranged above the insulating layer
342B. A gate electrode 930B is arranged above the semi-
conductor layer 920B. An insulating layer 344B which
functions as a gate insulating layer is arranged between the
semiconductor layer 920B and the gate electrode 930B.
Insulating layers 346B, 348B, 350B and 352B are arranged
above the gate electrode 930B. Openings 941B and 951B are
arranged in these insulating layers. A source wiring 940B is
arranged above the insulating layer 352B and inside the
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opening 941B. A drain wiring 950B is arranged above the
insulating layer 352B and inside the opening 951B. An
insulating layer 354B is arranged above the source wiring
940B and the drain wiring 950B.

[0103] Here, at least one of the insulating layers 344B,
346B, and 348B which is an insulating layer arranged
further below the first oxide semiconductor layer 820B and
at least one insulating layer which is arranged further above
the semiconductor layer 920B may be referred to as a
“second insulating layer”. In this case, it can be said that the
second insulating layer is arranged below the first oxide
semiconductor layer 820B which corresponds to the struc-
ture body 200 in FIG. 1. It can be said that the semiconductor
layer 920B is arranged below the second insulating layer and
is arranged in a region which does not overlap with the
openings 851B and 861B which correspond to the first
opening 121 in FIG. 1 in a plane view. In addition, among
the openings 941B and 951B, an opening which is arranged
in a region of the insulating layers 350B and 352B which
correspond to the first insulating layer 120 in FIG. 1 may be
referred to as a second opening. Among the openings 941B
and 951B, the opening which is arranged in a region of the
second insulating layer described above may be referred to
as a third opening. In this case, it can be said that the second
opening and the third opening are each arranged in a region
which overlaps the semiconductor layer 920B in a plane
view.

[0104] It is possible to use an oxide insulating layer as the
insulating layer 350B. The composition ratio of oxygen in
the oxide insulating layer may be larger than the composi-
tion ratio of oxygen in a stoichiometric ratio with respect to
an oxide having the same composition as the oxide insulat-
ing layer. In other words, the composition ratio of oxygen of
the insulating layer 350B may be larger than the composition
ratio of oxygen of the oxide insulating layer which is used
as another insulating layer shown in FIG. 17. For example,
the composition ratio of oxygen of the insulating layer 3508
may be larger than the composition ratio of oxygen of the
oxide in the case where the insulating layer 348B which
functions as a gate insulating layer contains an oxide

[Manufacturing Method of Display Device 20B]

[0105] The manufacturing method of the display device
20B is explained using FIG. 19 and FIG. 20. Since the
manufacturing method of the transistors 800B and 900B
uses a general bottom-gate type transistor and a top-gate
type transistor, an explanation is omitted here. A method for
forming an opening in an insulating layer is explained in
FIG. 19 and FIG. 20.

[0106] FIG. 19 is a diagram showing a state immediately
before the openings 851B, 8618, 941B and 951B are formed
in the insulating layers 350B and 352B. A resist mask in
which regions corresponding to the openings 851B, 861B,
941B, and 951B are opened is formed above the insulating
layer 352B in the state shown in FIG. 19. Next, openings
851B, 861B, 941B and 951B are formed reaching the source
electrode 830B, the drain electrode 840B or the semicon-
ductor layer 920B. These openings are formed by dry
etching.

[0107] As is shown in FIGS. 19 and 20, the number of
stacked insulating layers arranged above the semiconductor
layer 920B is larger than the number of stacked insulating
layers arranged above the source electrode 830B and the
drain electrode 840B. Therefore, when attempting to open
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the openings 851B, 861B, 941B, and 951B during the same
process, the openings 851B and 861B first reach the source
electrode 830B and the drain electrode 840B, and in this
state the openings 941B and 951B are continuously formed.
As a result, the source electrode 830B and the drain elec-
trode 840B are continuously etched until the openings 941B
and 951B reach the semiconductor layer 920B. The shapes
of the source electrode 830B and the drain electrode 840B
in the state shown in FIG. 20 is the shape shown in FIG. 4.
[0108] Asis shown in FIG. 20, a chemical treatment using,
for example, HF is performed in order to remove an oxide
film which is formed on the surface of the semiconductor
layer 920B exposed by the openings 941B and 951B. The
shape of the source electrode 830B and the drain electrode
840B becomes the shape shown in FIG. 5 by performing this
chemical treatment. A conductive layer is formed above the
insulating layer 352B and inside the openings 851B, 861B,
941B and 951B shown in FIG. 20 and are patterned to form
source wirings 850B and 940B and drain wirings 860B and
950B. The transistors 800B and 900B are formed by the
manufacturing method described above.

[Modified Example of Third Embodiment]

[0109] A display device 20C according to a modified
example of the third embodiment is explained using FIG. 21.
FIG. 21 is a cross-sectional view showing a summary of a
display device according to one embodiment of the present
invention. Although the display device 20C shown in FIG.
21 is similar to the display device 20B shown in FIG. 17,
they are different in structure whereby the structure of the
transistor 800C included in the display device 20C is dif-
ferent to the structure of the transistor 800B included in the
display device 20B. In the structure of the display device
20C shown in FIG. 21 herein, an explanation of the same
structure as the display device 20B shown in FIG. 17 is be
omitted, and differences from the display device 20B are
explained.

[0110] As is shown in FIG. 21, the wiring structure 10A
shown in FIG. 8 is used as the contact structure between the
source electrode 830C and the source wiring 850C, and the
contact structure between the drain electrode 840C and the
drain wiring 860C. In addition, the second oxide semicon-
ductor layers 833C and 843C are arranged above the source
electrode 830C and the drain electrode 840C respectively.
[0111] When FIG. 8 and FIG. 21 are compared, the first
conductive layer 100A corresponds to the source electrode
830C or the drain electrode 840C, the second oxide semi-
conductor layer 110A corresponds to the second oxide
semiconductor layer 833C or 843C, the insulating layer
120A corresponds to the insulating layers 350C and 352C,
the first opening 121A corresponds to the opening 851C or
the opening 861C, and the second conductive layer 130A
corresponds to the source wiring 850C or the drain wiring
860C.

[0112] Here, at least one of the insulating layers 344C,
346C, and 348C which is an insulating layer arranged
further below the first oxide semiconductor layer 820C and
at least one insulating layer which is arranged further above
the semiconductor layer 920C may be referred to as a
“second insulating layer”. In this case, it can be said that the
second insulating layer is arranged below the source elec-
trode 830C and the drain electrode 840C which correspond
to the first conductive layer 100A in FIG. 8. It can be said
that the semiconductor layer 920C is arranged below the
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second insulating layer and is arranged in a region which
does not overlap the openings 851C and 861C which cor-
respond to the first opening 121A in FIG. 8. In addition,
among the openings 941C and 951C, the opening which is
arranged in the region of the insulating layers 350C and
352C which corresponds to the first insulating layer 120A in
FIG. 8 may be referred to as a “second opening”. Among the
openings 941C and 951C, the opening which is arranged in
the region of the second insulating layer may be referred to
as a “third opening”. In this case, it can be said that the
second opening and the third opening are each arranged in
a region which overlaps the semiconductor layer 920C in a
plane view.

[0113] The composition ratio of oxygen in the second
oxide semiconductor layers 833C and 843C is smaller than
the composition ratio of oxygen in the stoichiometric ratio
with respect to an oxide semiconductor having the same
composition as these oxide semiconductor layers. In other
words, the composition ratio of oxygen of the second oxide
semiconductor layers 833A and 843C is smaller than the
composition ratio of oxygen of the first oxide semiconductor
layer 820C.

[0114] It is possible to use an oxide insulating layer as the
insulating layer 350C. The composition ratio of oxygen in
the oxide insulating layer may be larger than the composi-
tion ratio of oxygen in a stoichiometric ratio with respect to
an oxide having the same composition as the oxide insulat-
ing layer. In other words, the composition ratio of oxygen of
the insulating layer 350C may be larger than the composition
ratio of oxygen of the oxide insulating layer which is used
as another insulating layer shown in FIG. 21. For example,
the composition ratio of oxygen of the insulating layer 350C
may be larger than the composition ratio of oxygen of the
oxide in the case where the insulating layer 348C which
functions as the gate insulating layer includes an oxide.
[0115] In the manufacturing method of the display device
20C shown in FIG. 21, the process for forming the openings
851C, 861C, 941C and 951C is performed using the same
manufacturing method as in FIG. 19 and FIG. 20. At this
time, as is shown in FIG. 12, the second oxide semiconduc-
tor layers 833C and 843C function as etching stoppers for
the openings 851C and 861C. In addition, side etching of the
second oxide semiconductor layers 833C and 843C as
shown in FIG. 13 is performed by a chemical treatment
which removes an oxide film formed on the surface of the
semiconductor layer 920C which is exposed by the openings
941C and 951C.

Fourth Embodiment

[0116] A semiconductor device (transistor), a display
device using the semiconductor device, and a manufacturing
method of the display device according to one embodiment
of the present invention are explained using FIG. 22 to FIG.
24. Furthermore, in the embodiment described below, a
structure is explained in which the wiring structure
explained in the first embodiment and the second embodi-
ment is applied to a semiconductor device which forms a
circuit of an organic EL display device. Furthermore, since
a summary and circuit structure of the display device 20D
are the same as those shown in FIG. 14 and FIG. 15, an
explanation is omitted.

[Pixel Circuit 310D of Display Device 20D]

[0117] FIG. 22 is a circuit diagram showing a pixel circuit
of a display device according to one embodiment of the
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present invention. As is shown in FIG. 22, the pixel circuit
310D includes elements such as a drive transistor 960D, a
selection transistor 970D, a storage capacitor 980D and a
light emitting element DO. The source electrode of the
selection transistor 970D is connected to the signal line
971D, and the gate electrode of the selection transistor 970D
is connected to the gate line 973D. The source electrode of
the drive transistor 960D is connected to an anode power
supply line 961D, and the drain electrode of the drive
transistor 960D is connected to one end of the light emitting
element DO. The other end of the light emitting element DO
is connected to a cathode electrode 963D. The gate electrode
of the driving transistor 960D is connected to the drain
electrode of the selection transistor 970D. The storage
capacitor 980D is connected to the gate electrode and the
drain electrode of the drive transistor 960D. A gradation
signal for determining the light emitting intensity of the light
emitting element DO is supplied to the signal line 971D. A
signal for selecting a pixel row in which the gradation signal
described above is written is supplied to the gate line 973D.

[Cross-Sectional Structure of Display Device 20D]

[0118] FIG. 23 is a cross-sectional diagram of a display
device according to one embodiment of the present inven-
tion. Although the structure of the display device 20D shown
in FIG. 23 is similar to the display device 20B shown in FIG.
17, they are different in that the structure is further above the
insulating layer 354D of the display device 20D but here the
structure is above the insulating layer 354B of the display
device 20B. Herein, in the structure of the display device
20D shown in FIG. 23, an explanation of the same structure
as the display device 20B shown in FIG. 17 is omitted, and
differences from the display device 20B are explained.

[0119] As is shown in FIG. 23, the display device 20D
includes a pixel electrode 981D, a light emitting layer 983D
and a common electrode 985D above the insulating layer
354D. The pixel electrode 981D is arranged above the
insulating layer 354D and inside the opening 871D. An
insulating layer 358D is arranged above the pixel electrode
981D. An opening 359D is arranged in the insulating layer
358D. The opening 359D corresponds to a light emitting
region. That is, the insulating layer 358D defines a pixel. A
light emitting layer 983D and a common electrode 985D are
arranged above the pixel electrode 981D exposed through
the opening 359D. The pixel electrode 981D and the light
emitting layer 983D are separately arranged for each pixel.
On the other hand, the common electrode 985D is arranged
in common for a plurality of pixels. Different materials are
used for the light emitting layer 983D depending on the
display color of the pixel.

[Modified Example of Fourth Embodiment]

[0120] A display device 20E according to a modified
example of the fourth embodiment is explained using FIG.
24. FIG. 24 is a cross-sectional diagram view showing a
summary of a display device according to one embodiment
of the present invention. Although the display device 20E
shown in FIG. 24 is similar to the display device 20C shown
in FIG. 21, they are different in that the structure above the
insulating layer 354E of the display device 20E is different
from the structure above the insulating layer 354C of the
display device 20C. Since the structure above the insulating
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layer 354E of the display device 20E is the same as the
structure of the display device 20D, an explanation is
omitted.

[0121] In the third embodiment and fourth embodiment,
although a structure was exemplified in which the wiring
structure explained in the first embodiment and the second
embodiment was applied to a liquid crystal display device
and an organic EL display device, displays other than these
display devices (for example, a self-luminous display device
or an electronic paper display device other than an organic
EL display device) may also be applied with the wiring
structure. In addition, the wiring structure described above
can be applied without any particular limitation from a small
sized display device to a large sized display device.

[0122] Each embodiment described above as embodi-
ments of the present invention can be implemented in
combination as appropriate as long as they do not contradict
each other. In addition, those skilled in the art could appro-
priately add, delete or change the design of the constituent
elements based on the display device of each embodiment,
or add, omit or change conditions as long as it does not
depart from the concept of the present invention and such
changes are included within the scope of the present inven-
tion.

[0123] Even if other actions and effects different from the
actions and effects brought about by the aspects of each
embodiment described above are obvious from the descrip-
tion of the present specification or those which could be
easily predicted by those skilled in the art, such actions and
effects are to be interpreted as being provided by the present
invention.

What is claimed is:

1. A wiring structure comprising:

a structure body including a pattern;

a first conductive layer above the structure body, the first
conductive layer having a shape, the shape crossing an
edge of a pattern of the structure body and reflecting a
step of the edge of the pattern of the structure body;

a first insulating layer above the first conductive layer, the
first insulating layer having a first opening overlapping
the edge of the pattern of the structure body in a plane
view; and

a second conductive layer in the first opening, the second
conductive layer being connected to the first conductive
layer.

2. The wiring structure according to claim 1, wherein the
first conductive layer includes a first film and a second film
below the first film, and

a part of a surface of the first film on the second film side
is exposed from the second film.

3. The wiring structure according to claim 2, wherein

the first conductive layer further includes a third film
below the second film, and

the second conductive layer contacts the third film.

4. The wiring structure according to claim 2, wherein a
gap is arranged between the second film and the second
conductive layer.

5. The wiring structure according to claim 1, further
comprising:

a second insulating layer below the structure body; and

a semiconductor layer below the second insulting layer,
the semiconductor layer being arranged in a region not
overlapping the first opening in a plane view;
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wherein

the structure body includes a first oxide semiconductor
layer connected to the first conductive layer,

the first insulating layer has a second opening in a region
overlapping the semiconductor layer in a plane view,
and

the second insulating layer has a third opening in a region
overlapping the second opening in a plane view.

6. A wiring structure comprising:

a first conductive layer;

a second oxide semiconductor layer above the first con-
ductive layer;

a first insulating layer above the second oxide semicon-
ductor layer, the first insulating layer having a first
opening overlapping the first conductive layer in a
plane view; and

a second conductive layer in the first opening, the second
conductive layer being connected to the first conductive
layer;

wherein

a gap is arranged between the first conductive layer and
the first insulating layer and is surrounded by the
second oxide semiconductor layer, and

a region where the first conductive layer and the second
conductive layer contact is surrounded by the gap in a
plane view.

7. The wiring structure according to claim 6, wherein

a part of a first surface of the first insulating layer
opposing the first conductive layer is exposed in the
gap from the second conductive layer to the second
oxide semiconductor layer, and

a part of a second surface of the first conductive layer
opposing the first surface is exposed in the gap from the
second conductive layer to the second oxide semicon-
ductor layer.

8. The wiring structure according to claim 6, wherein a
composition ratio of oxygen in the second oxide semicon-
ductor layer is smaller than a composition ratio of oxygen in
a stoichiometric ratio with respect to an oxide semiconduc-
tor of a composition same as the second oxide semiconduc-
tor layer.

9. The wiring structure according to claim 6, wherein

the first insulating layer is an oxide, and

a composition ratio of oxygen in the first insulating layer
is smaller than a composition ratio of oxygen in a
stoichiometric ratio with respect to an oxide of a
composition same as the first insulating layer.

10. The wiring structure according to claim 6, further

comprising:

a second insulating layer below the first conductive layer;
and

a semiconductor layer below the second insulating layer,
the semiconductor layer being arranged in a region not
overlapping the first opening in a plane view;

wherein

the first insulating layer has a second opening in a region
overlapping the semiconductor layer in a plane view,
and

the second insulating layer has a third opening in a region
overlapping the second opening in a plane view.

11. A semiconductor device comprising:

a wiring structure according to claim 1;

a first oxide semiconductor layer connected to the first
conductive layer;
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a gate electrode opposing the first oxide semiconductor

layer;

a gate insulating layer between the first oxide semicon-

ductor layer and the gate electrode; and

a third conductive layer connected to the first oxide

semiconductor layer;

wherein

the first oxide semiconductor layer is arranged between

the first conductive layer and the third conductive layer.

12. The semiconductor device according to claim 11,
wherein

the first conductive layer includes a first film and a second

film below the first film, and

a part of a surface of the first film on the second film side

is exposed from the second film.

13. The semiconductor device according to claim 12,
wherein

the first conductive layer further includes a third film

below the second film, and

the second conductive layer contacts the third film.

14. The semiconductor device according to claim 12,
wherein a gap is arranged between the second film and the
second conductive layer.

15. The semiconductor device according to claim 11,
further comprising:

a second insulating layer below the structure body; and

a semiconductor layer below the second insulating layer,

the semiconductor layer being arranged in a region not
overlapping the first opening in a plane view;
wherein

the structure body includes a first oxide semiconductor

layer connected to the first conductive layer,

the first insulating layer has a second opening in a region

overlapping the semiconductor layer in a plane view,
and

Jul. 16, 2020

the second insulating layer has a third opening in a region

overlapping the second opening in a plane view.
16. A display device comprising:
a semiconductor device according to claim 11;
a third insulating layer above the semiconductor device,
the third insulating layer having a fourth opening; and

apixel electrode above the third insulating layer and in the
fourth opening is connected to the third conductive
layer.

17. The display device according to claim 16, wherein

the first conductive layer includes a first film and a second

film below the first film, and

a part of a surface of the first film on the second film side

is exposed from the second film.

18. The display device according to claim 17, wherein

the first conductive layer further includes a third film

below the second film, and

the second conductive layer contacts the third film.

19. The display device according to claim 17, wherein a
gap is arranged between the second film and the second
conductive layer.

20. The display device according to claim 16, further
comprising:

a second insulating layer below the structure body; and

a semiconductor layer below the second insulating layer,

the semiconductor layer being arranged in a region not
overlapping the first opening in a plane view:
wherein

the structure body includes a first oxide semiconductor

layer connected to the first conductive layer,

the first insulating layer has a second opening in a region

overlapping the semiconductor layer in a plane view,
and

the second insulating layer has a third opening in a region

overlapping the second opening in a plane view.
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